Histones from the epicotyls of light-grown dwarf peas (Pisum sativum L. cv. Little Marvel) which had been treated with gibberellic acid were compared to histones from control dwarf peas by the method of polyacrylamide gel electrophoresis. The histone complements were found to be unaltered in the electrophoretic mobility and relative quantity of the individual fractions. The ratio of histone to DNA was also unaffected by treatment with gibberellic acid. The investigation confirmed earlier reports that over 95% of the histone of peas is contained in seven molecular species and that one of these can exist both as an oxidized disulfide dimer and as a reduced monomer. Evidence is presented which indicates that only the monomer form exists in vivo in the pea epicotyl tissue and that the oxidized dimer is an artifact of extraction. The implications of the data concerning the mechanism of action of gibberellic acid are discussed.
There is abundant evidence that gibberellic acid exerts its influence on plant growth and development by affecting nucleic acid metabolism and enzyme synthesis. Treatment of barley endosperm with the hormone results in the de novo synthesis of a-amylase (15) and the GA-induced formation of the enzyme is inhibited by actinomycin D (10) . Chandra and Duynstee (8) have shown that GA causes the formation of a rapidly labeled, high molecular weight fraction of RNA in barley endosperm which they proposed contains the messenger RNA that codes for a-amylase. The effects of GA on protein synthesis and RNA metabolism have also been demonstrated in other systems (9, 16, (19) (20) (21) . This work has led to the hypothesis that GA causes derepression of specific portions of the genome permitting the synthesis of specific messenger RNAs.
Histones have long been suspected of being directly involved in gene control (2) . Isolated pea bud chromatin (primarily a complex of DNA and histone) has a much reduced capacity to direct DNA-dependent RNA synthesis in vitro relative to that of free DNA (4) . Chromatin can be separated into two fractions of differing histone-DNA ratios; the higher the ratio, the lower the template activity (4 (23) . Chromatin extracted from dormant potato buds which had been treated with ethylene chlorohydrin (a compound which mimics the effect of GA in breaking the dormancy of buds) has been shown to support a rate of DNA-dependent RNA synthesis 10 times that of chromatin from control buds (31) .
In view of these ideas on both the mechanism of action of GA and the biological role of histones, this study was undertaken to determine whether the histones from the epicotyls of light-grown dwarf peas were altered either qualitatively or quantitatively by treatment with GA.
MATERIALS AND METHODS
Seeds of Little Marvel peas (Pisum sativum L.) were soaked in tap water for 24 hr with aeration, planted in sterilized sand, and grown under normal greenhouse conditions. When the plants were 8 Histones were dissolved in 0.9 N acetic acid, 15% sucrose (w/v). They were applied to gels containing 15% acrylamide (W/V), 0.9 N acetic acid, and 2.5 M urea as described by Panyim and Chalkley (25) Chromatin from GA-treated and control pea epicotyls was fractionated into DNA, histone, and non-histone protein (3). The amount of DNA was determined by the Burton modification of the diphenylamine method (6) and protein by the method of Lowry et al. (22) . RESULTS The timing of GA treatment and harvest of ti chosen so that if the hormone did cause a change i complement, the change would most likely be in time of sampling. Under the same conditions fc peas used in this investigation, Nordahl (24) (27) . (See Fig. 3 (11) to have identical amino acid sequence in peas and calf thymus with the exception of two conservative amino acid replacements. The only other histone which has identical mobility in mammalian and pea tissue is the cysteinecontaining Histone 2 (27) . The monomers from both sources have identical mobilities, as do the dimers. Table I gives the average values from eight preparations for the proportion of the total histone in each of the histone bands GA-treated from GA-treated and control dwarf pea epicotyls. The amount of protein applied to the gels was kept in the range in which the absorbance due to the bound amido black is linearly proportional to the amount of protein in each band (14) . Thus, the area under each peak of a densitometer tracing is proportional to the amount of protein in the corresponding band. These Control data along with those of Figure 1 showing the mobilities of histone from both tissues indicate that GA treatment has not affected the histone complement either qualitatively or quantitatively. Whole pea histone is composed of seven major bands as shown in Figure 1 . However, in Figure 2 it can be seen that in order to make the complex curve from the curve resolver a GA-treated superimposable on the densitometer tracing, it is necessary to lectrophoretic add two small curves on either side of the curve corresponding in the photo-to the band of Histone 2 (monomer form). That these small identical in curves correspond to visible bands present in low quantity is shown in Fieure 3. which compares the region of Histones 2,
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SPIKER AND CHALKLEY 3, and 4 as resolved by a short (10 cm) gel and as they are more highly resolved by a long (24 cm There remained the possibility that GA causes a change in the amount of total histone relative to the amount of DNA without changing the relative amounts of the various histone fractions. Therefore, samples of chromatin from control peas and from peas treated with GA were analyzed. Table II shows that the ratios of histone to DNA and of nonhistone protein to DNA in chromatin are not altered by treatment of the plants with GA.
DISCUSSION
It has been proposed that histones act as gene repressors (2, 4) . Although the mechanism of such repression has not been elucidated, it has been argued on the basis of experiments in -vitro on the template activity of DNA-histone complexes that portions of DNA which are complexed with histone cannot be transcribed (4, 18, 23) . Other workers have suggested that a portion of DNA which is fully complexed with histones may be "activated" for transcription by acetylation in situ (1) or phosphorylation (17) of the histone molecules. These ideas led to studies which indicated changes in the proportion of the lysine-rich fraction of histone during development of pea cotyledons (14) , differences in the proportions of the histone fractions in various organs of the pea plant (14) , differences in the histone-DNA ratios in various organs of the pea plant (4) , and differences in the histones of vernalized and stituent Gaus-control winter wheat (30) . Implicit in these investigations is s (A) can be the idea that during development some genes become activated a densitometer and others repressed by addition or removal of histone moled and the per-cules, and that the extent of change is great enough to be de- tected by variation in either the proportions of the individual histone fractions or in the ratio of total histone to DNA.
This study revealed no difference in the histone complements of control peas and peas which had been treated with GA. Two explanations are possible: first, that GA does not act by modifying the histone complement, and second, that GA does cause changes in histones, but that the changes are too subtle to be detected by the methods employed. We do not favor the second possibility because of the large and dramatic effects of GA on RNA metabolism, seen as a doubling in the rate of RNA synthesis in pea stem segments in vivo (5) 16 hr on long gels (B). Only a section of the long gel is shown. Greater separation in the long gels reveals two bands of low intensity (arrows), one on each side of Histone 2. The low electrophoretic mobility of Histone 2 in the oxidized form (2 ox) is shown on the short gel. 
